experiences and presence of visual hallucinations. Moreover, in general, IIP, in epilepsy patients, has a more benign course and better response to pharmacologic therapy than psychosis in nonepileptic patients. 8, 10 The pathogenesis of PIP and IIP remains poorly defined. In some patients PIP may coexist with IIP and some authors have suggested a progression from PIP to IIP. 4 The risk factors described previously for PIP have increased number of generalized tonic-clonic seizures in chronic epilepsy, and bilateral cerebral dysfunction. 11 A high frequency of bilateral independent epileptiform activity has been observed in patients with PIP. 11 Also higher incidence of encephalitis and head trauma antecedent have been reported in patients suffering PIP. 11 Other risk factors reported have been the presence of alien tissue lesions including focal cortical dysplasias 12 ; psychic auras, specially fear auras 6 and absence of febrile convulsions. 13 On the other hand, an increased risk of chronic psychosis has been reported in patients with bilateral temporal dysfunction undergoing epilepsy surgery. 6, 14 The objective of this study was to ascertain the frequency of PIP in patients with temporal lobe epilepsy who underwent video-EEG monitoring and to investigate possible risk factors associated with suffering a PIP.
Patients and methods
Patients with a psychotic episode after a seizure during a prolonged video-EEG monitoring between 2002 and 2004 were identified from a retrospective chart review of patients admitted to our epilepsy monitoring unit for presurgical evaluation. All patients underwent a comprehensive presurgical evaluation including complete neurological and psychiatric examination, routine EEG, non-invasive long-term video-EEG monitoring, a high-resolution MRI and neuropsychological testing. For the objectives of this study patients with a past history of IIP were excluded. Nowadays is not clear if PIP and IIP share the same physiopathology or not. So IIP patients were not considered true patients or even true controls.
Postictal psychosis/interictal psychosis definitions

Material
Video-EEG was performed in the BMSI with 128 channels or the Deltamed with 64 channels. Superficial electrodes were located using the 10/20 International system using additional electrodes in the frontotemporal regions according the 10/10 system. Semi-invasive monitoring (foramen ovale electrodes or esphenoidal electrodes) was used if needed (in seven patients).
MRI methods: MRI scanning was performed with a 1.5-Tesla Sigma scanner (GE Medical Systems, Milwaukee, WI) according to a standardized protocol for epileptic patients.
The neuropsycological test battery included: tests covering the cognitive domains of intelligence and memory.
Surgical methods: Until December 2007, 21 patients underwent resection of either the left or the right anterior temporal lobe. All surgical procedures were performed by the same neurosurgeon (J.R.B.). A standardized medial temporal resection was performed.
Analyses
The PIP group was compared to the controls (patients with no psychotic history excluding patients with IIP) in terms of seizure risk factors (history of head trauma, encephalitis, meningitis, febrile seizures. . .), seizure history (age at epilepsy onset, seizure type, seizure frequency), results of the prolonged video-EEG monitoring (interictal EEG, ictal EEG, neuropsychologic study, MRI study, ictal Spect) and conclusions of the EEG monitoring (indication of surgery, surgery outcome).
All statistical analysis was performed using SPSS for Windows (version 12.0, SPSS Inc., Chicago, IL, U.S.A.). Categorical variables were analyzed using a one-tailed chi-square analysis (with Yates correction when warranted) and continuous data were analyzed using t-test, ANOVA and non-parametrical analysis: KruskalWallis test.
Results
Between 2002 and 2004, 144 non-invasive prolonged video-EEG monitorizations, corresponding to 129 different patients, were done by the Epilepsy Unit of Hospital Clinic I Provincial of Barcelona. From this group of patients 58/129 (45%) were diagnosed of temporal lobe epilepsy.
Four patients suffered a PIP during the prolonged video-EEG monitoring, three (75%) of these patients suffered other episodes of PIP before or after the presurgical evaluation and one (25%) had a history of a previous IIP. Another three patients who underwent presurgical evaluation had previously suffered a IIP and one had a history of a previous PIP. The risk of suffering a PIP during a prolonged video-EEG monitoring in patients with chronic refractory epilepsy arising from the temporal lobe was 4/55 (7.27%) but the risk of suffering a PIP in the group of patients with previous episodes was 3/5 (60%). The prevalence of IIP was 4/58 (6.89%). One patient had history of previous episodes of IIP and of PIP, so the coexistence of both pathologies in our population was 1/58 (1.7%).
Globally, 55 patients were included, 5 PIP and 50 controls, 3 patients with IIP were excluded from them, 31 patients were men (62%), 15 (27.3%) had suffered febrile seizures, 9 (16.4%) reported a family history of epilepsy, 9 (16.4%) suffered an encephalitis, 6(10.9%) had antecedents of a head trauma and 6 (10.9%) patients had suffered status epilepticus. The mean age was 42.2 years (S.D. 12.93). Mean age at epilepsy onset was 16.95 (S.D. 12.93) and the mean seizure frequency before presurgical evaluation was 5 seizures/month (S.D. 1.87).
PIP patients were compared with controls in terms of demographic characteristics, see Table 1 for comparison of demographic and epilepsy characteristics. No differences were seen in gender, age, age at epilepsy onset, disease duration, seizure frequency, or pathological antecedents (febrile seizures history, head trauma history, family history, meningitis or encephalitis antecedents). We observed only one difference in the epilepsy characteristics: previous history of status epilepticus was more frequent in PIP than in control patients (p: 0.019). In addition a tendency was observed in relation to previous history of encephalitis, being more frequent in the PIP group (p: 0.074).
Comparing epilepsy characteristics between PIP and control patients, we did not find differences in types of aura although we found differences in seizure type: more PIP patients suffered dialeptic or automotor seizures evolving to secondary generalization than control patients (p: 0.025).
Comparing neuroradiological studies between PIP and control patients, no differences were seen. From the PIP patients, four (80%) had evidence of hippocampal sclerosis (HS) on MRI, unilateral in all. In one of the PIP patients the HS was associated with a congenital malformation of the hippocampus. Of the control group, 27/50 (54%) presented HS on MRI, being unilateral in 26/27 (96.3%). No cortical dysplasia or tumour was seen on the MRI of the PIP patients, 7/45 (15.5%) controls showed cortical dysplasia of anterior temporal lobe on MRI and 6/45 (13.3%) low grade tumours (DNET). One PIP patient (20%) showed no abnormalities on MRI and another five control patients (10%) showed no abnormalities on MRI.
Comparing video-EEG monitoring results, we found some differences: PIP patients more frequently had a non-lateralizing ictal EEG than controls (p: 0.001). In PIP patients ictal pattern was bitemporal from the beginning, or had a rapid spread of seizure, or seizures arising from both temporal lobes were recorded. One of the PIP patients was studied with foramen ovale electrodes and again the ictal pattern was non-lateralizing and in another PIP patient different seizures (with different semiology) were recorded arising from both temporal lobes independently.
No differences were seen in clinical semiology, interictal EEG or neuropsychological studies.
In the control group, the temporal lobe dysfunction observed by the neuropsycological tests was concordant with the side of the temporal lobe lesion found by MRI (p: 0.02). Conversely, in the PIP group, the temporal lobe dysfunction (bitemporal memory deficits: visual and verbal memory) was greater than expected given the lesion observed on MRI and no concordance was observed between MRI studies and neuropsychological test (p: 0.329).
Globally the presurgical evaluation was less conclusive in PIP than in controls (p: 0.049). Only one PIP patient underwent an anterior temporal lobe resection and remained with the same seizure frequency after surgery (Engel IVB). In the control group, 21 underwent an anterior temporal lobe resection before the end of Table 2 for comparison of groups in the presurgical evaluation study.
Discussion
Our findings suggest that PIP most often occurs in patients who suffer frequent secondary generalized seizures and in patients with temporal lobe epilepsy with bilateral dysfunction. Having a history of status epilepticus was more frequent among PIP patients than controls. Critical non-lateralized EEG was also more frequent among patients than controls and globally presurgical evaluation was less localizing in PIP than in control patients.
In our study PIP was observed in 8.6% of the temporal lobe epilepsy patients who underwent prolonged video-EEG monitoring, similarly to other studies conducted in epilepsy monitoring facilities. 2, 3 More than 50% of patients who had suffered a previous PIP suffered a new episode during the prolonged video-EEG monitoring, in many cases with a latent period of 24 h or more, the first symptoms being severe insomnia and anxiety followed by paranoid delusions and visual hallucinations. Treatment with neuroleptic drugs was necessary in all cases, and symptoms resolved completely in a week. So special care should be taken when monitoring patients with a previous history of PIP, especially if they present severe insomnia during monitorization. Previous studies have reported durations of epilepsy of over 10 years before the onset of any psychosis, 2,3 however in two of our patients PIP episodes started within 5 years of disease onset. We did not find any relation between type of aura and PIP, in contrast to previous reports mentioning a relation with psychic auras, particularly ictal fear. 18, 6 As in our study, previous studies have also found that a history of status epilepticus is related to the development of PIP and also to IIP. 9 Other related factors which have been described previously are having a history of encephalitis or of head trauma. 11 These antecedents (head trauma, encephalitis and status epilepticus) are often associated with bilateral cerebral injury, specially bilateral limbic injury. In contrast, in those patients with past history of meningitis the damage observed tends to be limited to the limbic system and tends to be unilateral, 19 being good predictors of seizure outcome after anterior temporal lobectomy (ATL) in patients with refractory epilepsy. Febrile seizure also tends to produce unilateral damage to the lymbic system and again it is a good seizure outcome predictor after ATL. 20 There is no agreement over which pathologies are more likely to be related to the development of PIP. Some studies have reported that it occurs in patients with temporal lobe epilepsy stemming from mesial temporal sclerosis 3 and they have also observed a tendency involving mesial temporal lobe sclerosis on the left side.
On the other hand, Taylor et al. commented that epilepsy patients with PIP were less likely to have mesial temporal lobe sclerosis and more alien tissue lesions (small tumours, malformations of cortical development). 21 This ''cortical maldevelopment'' could result in developmental disconnection of the temporolimbic structures and prefrontal structures. 13 Patients with PIP have evidence of bilateral cerebral dysfunction. 11, 12 A high frequency of bilateral independent or generalized epileptiform activity in patients who develop PIP has been previously observed. 6, 11, 12 Although we did not find more frequent bilateral independent epileptiform interictal activity we found more bilateral ictal activity (either independent or arising from one temporal lobe with rapid seizure spread to the other). Previous studies have shown that ictal scalp EEG propagation and bilateral interictal EEG were predictors of poor surgical outcome in mesial temporal lobe epilepsy. 22 Only one of our patients with PIP underwent surgery with bad results. Suffering PIP could also be considered a predictor of poor surgical outcome because of its relation with bilateral temporal lobe dysfunction. In contrast, other authors 23, 6 have reported good results, obtaining seizure control and no recurrence of PIP. In addition five patients with temporal lobe epilepsy and IIP also underwent surgery, achieving good seizure control but with no effect on the course of psychosis. 24 None of the five patients with chronic psychosis who underwent epilepsy surgery showed bilateral ictal or interictal activity. 14 The physiopathology of PIP is not currently clear. Immediately after a cluster of seizures, PIP patients may experience an unusually profound depression of limbic function but cerebral perfusion Spect studies, in patients with temporal lobe epilepsy who developed a PIP, have shown bitemporal and bifrontal hyperperfusion during the PIP period.
14 Spect studies have also found regional cerebral hyperperfusion in patients with postictal hemiparesis 25 and it had been suggested that it can represent a loss in cerebrovascular autoregulation at the site of the epileptogenic foci. Elevated cerebral blood flow may be associated with inhibitory activity, either though increased active inhibition or through disregulation of cerebral blood flow. Increased cerebral blood flow might be associated with some ongoing electrical activity propagating via subcortical networks after termination of the seizure and suppression of the corresponding cortical discharges. 26 All these studies of cerebral blood flow have shown bitemporal involvement. Our study has several limitations, first of all it is a retrospective study so the previous psychiatric history of our patients may have been underestimated, we have just included psychosis antecedents but we did not have information about mood disturbances and major depression antecedents.
Another limitation of our study is that we have just selected patients with temporal lobe epilepsy. Although PIP has been more frequently observed in temporal lobe epilepsy it had also been reported in frontal lobe epilepsy (FLE) and in primary generalized epilepsy. Some authors have studied globally the characteristics of PIP in partial epilepsy. 6, 8 One study from Adachi et al. 27 have compared IIP and PIP in patients with TLE with patients with frontal lobe epilepsy and have found no differences in epilepsy And the most important limitation of our study was the number of patients and controls included, we wanted a homogeneous group so we collected patients and controls with the same pathology (temporal lobe epilepsy) and seen in the same center. In summary we consider that presurgical studies of patients with temporal lobe epilepsy and PIP should be exhaustive looking for bilateral temporal lobe dysfunction that could preclude the surgical treatment. Special care should be taken with this patients looking for premonitory symptoms such as insomnia in order to start treatment as early as possible.
